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Hormonal Regulation of Epidermal Tumor Development 
AUREL LUPULESCU, M.D., M.s., PH.D. 
Department of Dermatology, Wayne State Univer~ity, Detroit, Michigan U.S.A. 
The effects of hormones and hormone-like substances 
such as thyroxine, estradiol, hydrocortisone, calcitonin, 
prostaglandins (F2n , A 2) or hormone deficiency (hy-
pophysectomy, gonadectomy) on the development of car-
cinomas in mice and rats induced by 3-methylcholan-
threne were investigated. 
Thyroxine, PGF2n , calcitonin, and estradiol markedly 
enhanced the development of squamous cell carcinomas 
and basal cell carcinomas; an inhibition occurred follow-
ing hydrocortisone , hypophysectomy, and gonadectomy. 
DNA labeling using [3H]-thymidine and radioautography 
revealed that DNA synthesis in neoplastic cells is also 
markedly influenced by the same hormones. 
Tumor histology and ultrastructure are profoundly 
affected and an increase of epithelial pearls, hyperchro-
matic basophilic cells, tonofilaments, polyribosomes, 
and lysosomes is observed following thyroxine and 
PGF 2". An increase of keratinization and intramitochon-
drial granules occurred with estradiol and increased 
sclero sis followed calcitonin. A marked reduction of cell 
organelles occurred after hydrocortisone, hypophysec-
tomy, and gonadectomy. Scanning electron microscopy 
shows salient changes in tumor cytoarchitecture and cell 
surfaces (blebs , ruffles). 
These findings demonstrate that· hormones can change 
the development of carcinomas, DNA synthesis as well 
as their cellular differentiation and consequently may be 
important mo9.ulators of epidermal carcinogenesis. 
The study of factors which can regulate the onset and devel-
opment of epidermal tumors is of special interest for carcino-
genesis. It is well known t hat hormones and hormone-like 
substances a re potent factors in controlling cell division a nd 
proliferation. For t his reason extensive investigations regarding 
the role of hormones on tumor behavior have been carried out 
since the beginning of this century [1]. However, most of the 
investigations regarding the role of hormones such as estrogens, 
progesterone, prolactin, or a ndrogens were carried out on the 
development of mammary cancers or prostatic tumors and it 
was found t hat they can significantly change the neoplastic 
growth in these target t issues [2,3]. Previously, it was found 
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that topical application of 3-methylcholanthrene (3-MCA) on 
the dorsal skin consistently induced 2 different types of tumors: 
squamous cell carcinoma in mice and basal cell carcinoma in 
rats. Concomitant administration of PGF2" and PGE2, but 
mostly PGF2" , markedly shortened the latency period and thus 
enhanced t he occurrence of squamous celJ carcinoma in mice 
[4). Administration of dexamethasone or fluocinolone acetonide 
inhibits tumor initiation by both 3-MCA and 7,12-dimethylbenz 
(a) anthracene (DMBA) on mouse skin a nd this may be related 
to their ability to inhibit the aryl hydrocarbon hydroxylase 
(AHH) and DNA synthesis [5]. 
Most of the investigations were carried out regarding the 
hormone effects on epithelial hyperplasia and papillomas; how-
ever, there are no studies regarding the role of hormones on 
epidermal carcinomas. Since squamous cell carcinomas and 
basal cell carcinomas are s imilar to those occurring in humans, 
they present an interesting experimental model for the study of 
epidermal carcinogenesis and its responsiveness to hormones. 
The present studies were carried out in order to find out if 
the hormones, which are widely used for the treatment of 
cancers of other tissues, are critical factors in controlling epi-
dermal tumor morphology, their cellular dilierentiation and 
DNA synthesis. 
MATERIALS AND METHODS 
Experimental Animals 
Ma le albino Swiss mice (::::2 mo old , cesar ean-OrIgIn, barrier-sus-
ta ined) weighing between 20 a nd 25 gm a nd male a lbino Sprague-
Dawley rats (::::1 mo old, cesarean-origin, bru'rier-sustained) we ighing 
between 100 and 125 gm, were pill'chased from Chru'les River Breed ing 
La boratories (Wilmington, Mass.) . The animals were divided into 10 
experimental groups (10 m ice and 10 rats/group) (see T a ble I ). 
MeA and Horm.one Preparations 
3-M CA was dissolved in acetone (0.4 %) a nd applied with a pipette 
on a marked a nd shaved region on t he dorsal s kin (Table I). PGF2" and 
PGA, were dissolved in 0.2 ml of absolute ethanol and 0.02% sodium 
carbonate (1:9) . L-thyroxine (Synt hroid) was dissolved in sa line so lu-
tion (0.9%). Estradiol valerate (Delestr ogen) was dissolved in sesame 
oil. Synt hetic Salmon Calcitonin (Calcimar) was dissolved in a 16% 
gelatin solution. Gonadectomy was bilatera l a nd performed according 
to the s ta ndard procedure. H ypophysec tomy was performed by pru'a-
pharyngeal route. Comple teness of hypophysectomy was assessed at 
autopsy using a magnifier ( x 10). The injection ites were far from t he 
s ite of MCA applica tions. The hormones a nd 3-M CA were administered 
throughout the experiments. Tumors were counted monthly and their 
s ize was measured in both mice and rats. At the end of the experiments 
(1 2 mo for mice a nd 16 mo for rats) a nd 2 hI' prior to sacrifice, 5 m ice 
a nd 5 rats from each experimental group rece ived concomitant ly with 
MCA a nd hormones, 7 f.LC i["H]- t hy m idine/gm bwt, im (sp. act, 28.5 e il 
mmo\) for the study of DNA synthesis. The time of sacrifice was 
de termined by the maximum development of car cinomas; however, 
mice a nd rats (groups VI and X), which were treated as the other 
groups, but developed only mild epidermal hyperplasia (tumor-free) 
were sacrificed at the sam e t ime. Two hours was se lected for isotope 
studies because it was found tha t som e hormones such as calc itonin 
a nd PG exert their maximum effect on cell metabolism in that t ime 
[6,7]. 
DNA Labeling 
Pulse la beling of DNA conten t in control epidermal a nd neoplastic 
cells was performed on at least 5- 6 specimens which were rem oved 
from each experimental group, dissected , homogenized using a Potter 
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TABLE 1. Induction of epidermal carcinomas and hormones 
Group T reatment 
I! 
III 
rv 
Co ntrols & 
diluent 
M CK& 
diluent 
MCA& 
PGFt .. 
MCA& 
PGA, 
V M CA & 
thyroxine 
(1'.,) 
VI M CA & 
hydrocort i-
sone 
(HC) 
VII MCA & 
est rad iol 
(E) 
VII I M CA & 
calcitonin 
(C) 
IX M CA & 
gonadec-
tomy 
x MCA& 
hypophy-
sectomy 
Dose 
0.2 mJ 
0.2 ml 
0.2 1111 
0.2 ml 
MCA& 
10 I'g 
PGFt• 
0.2 ml 
MCA& 
10l'g 
PGAt 
0.2 mJ 
MCA& 
2 1'gT, 
0.2 ml 
MCA& 
Il11g HC 
0.2 rnl 
MCA& 
2OOl,gE 
0.2 Illi 
MCA& 
2 MRCUdC 
0.2 ml 
MCA 
0.2 ml 
MCA 
Mice/I 
Adm inistra- Dose 
tion 
Locally 0.2 ml 
(3 x weekly) 
Loca lly & 0.2 ml 
(3 x weekly) 0.4% & 
0.2 onl 
Locally & 0.2 ml 
(3 x weekly) MCA & 
im. 50 l'g 
PGF,,, 
Locally & 0.2 1111 
(3 x weekly) MCA & 
im. 5Ol'g 
PGA, 
Locally & 0.2 rnJ 
(3 x weekly) MCA& 
im. 5Jlg T 'l 
Locally & 0.2 Illi 
(3 x weekly) MCA & 
im. 2.5 mg HC 
Loca lly & 0.2 ml 
(3 x weekly) MCA& 
im. J IllgE 
Locally & 0.2 ml 
(3 x weekly) MCA & 
im. 5 MRCU C 
Loca lly 0.2 ml 
(3 x weekly) MCA 
Locally 0.2 ml 
(3 x weekly) MCA 
tJ All experiments in mice were cal'Tied out for 12 mo. 
" All ex periments in rats were carried out for 16 mo. 
,. MCA (methylcholant.h.rene). 
d MRCU (Medica l R esearch Council Uni ts). 
Rat.s" 
Administra-
tion 
Locally 
(3 x weekly) 
Locally & 
(3 x weekly) 
Local1 y & 
(3 x weekly) 
im. 
Local1y & 
(3 x weekly) 
illl. 
Locally & 
(3 x weekly) 
im. 
Locally & 
(3 x weekly) 
im. 
Locally & 
(3 x weekly) 
im. 
Locally & 
(3 x weekly) 
im. 
Locally 
(3 x weekly ) 
Locally 
(3 x weekly) 
homogenizer a nd washed several times with 0.4 M perchloric ac id, 
ethanol and ether [B]. In con tro l experiments it was checked that t he 
acid-soluble radioactivity was complete ly removed (or washed out) by 
t his procedure. M easure ments were performed with a nuclear liquid 
scintillation system (lsotope-300; Seal'le Ana lytic) with an efficiency of 
40% and wi t h the use of tritium as a n internal standard. DNA rad io-
activ ity was expressed as % of controls. 
Light Microscopic A utoradiography 
T he specimens were fixed in Bouin's solu tion for 12-24 h, then 
dehydrated and embedded in paraplast. Sections (5 I' thick) were 
stained with H & E, covered with Koda k N ucleal' Emulsion NTB. and 
exposed for 14 days at 4°C ill a dark room . The fLimed sections were 
processed in D'9 Kodak developer a nd rapid fLxer, washed, dehydl'8ted, 
a nd mounted. Autoradiograms were examined under Zeiss microscope 
at X 400 (objective x 40; ocular x 10) and quantita tive estimation was 
performed by count ing the la beled cells from 2,000 consecu tive epithe-
lial nucleated cells in the basal layers of control mice or in the prolif-
erative compaltments following treatmen t with 3-MCA and hormones. 
T he percentage of labeled cells was a lso recorded. 
Electron Ittficroscopy 
Specimens from t umors of mice and rats as well as from dorsal skin 
of controls were re moved, diced, fix ed for 24 hI' in 3% cacodylate 
buffered glu taraldehyde, postflXed for 1!h hI' in 1% phosphate osmiu m 
tetroxide, dehydrated in ascending series of ethanol and propy lene 
oxide, a nd embedded in a mixtUJ"e of Epon:Araldite. T hin sections 
(:::600 Ai were cut using LKB Ultrotome III equipped with a diamond 
knife mounted on grids a nd stained with aquaeous solu tions of UJ"anyl 
acetate and lead citrate. 
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Electron Microscopic Autoradiography 
Grids wit h sections were covered with li fOI'd L, Nucleal' Emulsion 
dilu ted in water 1:2 us ing a wire loop proceduj'e, a nd exposed for a 
period of 2- 3 mo in dal'k boxes wit h drieri te at 4°C, t hen developed in 
Microdol-X, fixed, washed, and short stained with uranyl acetate a nd 
lead citrate. Sections were examined under HS-B Hitachi electron 
microscope at 50 kv [9). 
Scanning Electron Microscopy (SEM) 
Larger specimens from tumors were fixed in 3% cacodylate buffered 
GTA, dehydrated, and embedded using cri t ical poin t method with CO2. 
Specimens coated with gold (:::200 A) were viewed in ETEC Scanning 
electron microscope at 20 kv. 
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FIG 1. T he onset a nd development of squa mous cell cal'cinomas in 
mice treated with 3-methy lchola nthnine (MCA) and differen t hor-
mones. 
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F I G 2. The onset and development of basal cell carcinomas in rats 
t reated with 3-methylchola nthrene (MCA) and diffe rent hormones. 
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RESULTS 
Tumor Incidence and Development 
Multiple lru'ge and keratinized t umors, sometimes necrotic 
and hemorrhagic which coalesce and occupy the entire mid-
dorsal region are seen in mice starting at 3 mo. These tumors 
are squamous cell carcinomas. Their onset a nd development 
was markedly affected by hormone administration, hypophy-
sectomy, and gonadectomy. The curves of mouse tumorigenesis 
at 3, 6, 9, and 12 mo were recorded (Fig 1). Rats developed 
different types of tumors. The tumors occurred later , starting 
at 8 mo, as small pinkish and pearly nodules with waxy rolled 
borders. They slowly grow, then centrally ulcerate and coalesce 
form ing clusters of tumors which can reach 2-3 em in diameter. 
These are basal cell carcinomas. Hormone administration, gon-
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FIG 3. DNA labeling in squamous ceU carcinomas: J (control mice, 
taken as 100); II (3-methylcholanthrene [MeA]) ; III (MeA & PGF2 .. ); 
IV (MeA & PGAJ; V (MeA & thyroxine); VI (MeA & hydrocortisone); 
VII (MOA & estradiol) ; VIII (MeA & calcitonin); IX (MeA & gona-
dectomy) ; X (MeA & hypophysectomy). 
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FIG 4. DNA labeling in basal ce Ll cru'cinomas: I (control rats, taken 
as 100); II (3-methylcholanthrene [MeA]); III (MeA & PGF2.); IV 
(MeA & PGA2) ; V (MeA & thyroxine); VI (MeA & hyd.rocortisone); 
VII (MeA & estradiol) ; VIII (MeA & calcitonin) ; IX (MeA & gona-
dectomy) ; X (MeA & hypophysectomy). 
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adectomy, a nd hypophysectomy significantly affect the onset 
a nd development of these tumors. Curves of rat tumorigenesis 
at 8, 12, and 16 mo were also r ecorded (Fig 2). 
DNA Labeling 
DNA labeling expressed as % of controls showed notable 
changes in the neoplastic nuclei of squamous cell cru'cinoma as 
compared to hormone-treated, castrated, and hypophysecto-
mized mice. Thus, a marked increase of DNA radioactivity was 
observed after thyroxine, PGF2., (Groups V, III) , and estradiol 
(VII) followed by that of calcitonin (VIII) and PGA2 (IV) and 
a significant decrease after hydrocortisone, gonadectomy, and 
hypophysectomy (Groups VI, IX, and X)(Fig 3). DNA radio-
activity is also increased in rats with basal cell carcinoma and 
thyroxine, estradiol, and PGF2.,-treated (Groups V, VII, and 
III). A marked decrease was observed in rats with tumors and 
cortisol-treated, gonadectomized, and hypophysectomized 
(Groups VI, IX, and X)(Fig 4). 
Tumor Histopathology 
Tumor cytology revealed interesting findings regarding cell 
growth, differentiation, predominance, and variance of dark a.nd 
light cells following hormone administration. Thus, in m~ce 
following MCA application, a typical invasive structure, with 
characteristic epithelial pearls is visible; a mild dermal infiltra-
tion occurred. These are well-differentiated squamous cell car-
cinomas (grade I) . In MCA-treated rats the tumors are mainly 
basal cell carcinomas, composed of cords with small, hyper-
chromatic basal cells and large nuclei. A more invasive squa-
FIG 5. Invasive squamous cell carcinoma originating from hyper-
plastic epidermis; epithelial pearls and mild dermal inftl tration can be 
seen in a mouse treated with 3-methylcholanthrene & PGF2 .. (H & E 
x 400). 
I 
I 
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FI G 6. Squamous cell carcinoma exhibit ing a massive cord- like 
structure wi th few a typical epi the lia l peru'ls, and mito tic cells (arrow ) 
in a mouse treated with 3-methylcholal1lhrene & t hyrox ine (H & E X 
800) . 
FIG 7. Solid basa l ce ll carcinoma occurring in a rat treated with 3-
m ethylcholanthrene and thyroxine. Cord of basoph ilic ce lls occupy a ll 
a rea , separated by small vessels and connective t issue. Basophilic cells 
are a rranged in a palisadic patte rn. Mul tinuclea ted a nd mi totic cells 
a re visible (arrow) (H & E X 800). 
mous cell car cinoma occurred in MeA a nd PGF~,, -treated mice 
composed o f seve ral tumor m asses with numero us conflue n t 
horn or epithelial p earls and few s heets of atypical sq u a mous 
cells (Fig 5). An inte resting cellula r pattern occurred in rats 
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FIG 8. A marked inhibi t ion of tumor development in a 3-methylcho-
la nthrene a nd hydrocortisone treated mouse; only mild epidermal 
hyperplasia with vacuola ted ce lls and fragmented co Ll agen fibers ca n 
be seen (arrows indicate the site where tumor used to be) (H & E X 
800). 
:J 
FIG 9. Light microscope autorad iogram of a squamous ce ll carci-
noma from a mouse t rea ted with 3- meth ylchola nthrene & P GF t " . Note 
the heavy labeled ce lls only in the bas~ l proliferative compartment s 
(WT O/OS). No reac t.i on ca n be seen over th e epit helial pearls. Kodak 
nu clear NTBt emu l~ ion , exposed 14 days (H & E x 800). 
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F I G 10. Light microscope autoradiogram of a basal ce ll carcinoma 
from a rat treated with 3-methylcholanthrene & PGF2". T wo distinct 
ce ll compaJ·tments can be seen: one compar tment, of dru'k and heavily 
labeled ce lls (D )(arrows), the other of light and poorly labeled cells 
( L ). Kodak NTB, nuclear emulsion, exposed for 14 days (H & E x 800) . 
TABL E II. A utoradiograms: Percentage of neoplastic cells labeled 
willh[ 3H)·thymidine in epidermal carcinom.as of m.ice and rats 
Squamous cell carcinoma Basal cell carcinoma 
Treatment No. of labeled Percent- No. of labeled Percent· 
cells/Lo ta l No. cells/total No. 
of ce lls age of cells age 
Controls & diluent 166/2000 8.30" 124/2000 6.20" 
MCA & diluent 401/2000 20.Q5 363/2000 . 18. 15 
MCA & PGF2" 785/2000 39.25" 696/2000 34.80" 
MCA & PGA2 500/2000 25.00 480/2000 24.00 
MCA & Thyroxine 980/2000 49.00" 870/2000 43.50" 
MCA & Hydro 'orti- 108/2000 5.40 100/2000 5.00 
sone 
MCA & Estradiol 670/2000 33.50 610/2000 30.50 
MCA & Calci tonin 615/2000 . 30.75 550/2000 27 .50 
· MCA & Gonadec- 171/2000 8.55" 142/2000 7.10" 
tomy 
MCA & Hypophysec- 135/2000 6.75" 110/2000 5.50" 
tomy 
a Statis tica lly s ignificant (P < 0.001) from the respective controls. 
b Statistica lly s ignificant (P < 0.005) from the respective controls. 
r Not significant. 
t reated with M e A and PGF2" . The neoplastic cOl'ds are com-
posed of 2 compar tments; large areas of da rk cells a lterna ting 
wit h clear cells. Dark cells a re smaller wi th rich chromatin 
nuclei (Fig 10). Only a moderate tumor forma tion ' is seen in 
Me A a nd PGA. treated mice and rats. 
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A different histologic type of tumor OCC UlTed in MeA a nd 
thyroxine-treated mice, m ostly composed of cellular cords with 
poor differentiated or anaplastic squamous cells; mi totic cells 
can also be seen (Fig 6). An intense stimulation of tumor 
development and cellular pat tern occurred in Me A and thyrox-
ine-treated ra ts. The entire area is occupied by cords composed 
of small, hyperchroma tic basal cells, with enlarged nuclei; mul-
t inucleated cells are also vis ible. T hese are solid basal cell 
carcinomas (Fig 7) . N eoplastic cells ar e disposed mostly in a 
palisading pat tern separated by capillaries and strands of col-
lagen fibers; sometimes a fascicula te pat tern (similar to adrenal 
cortex) or organoid (similar to liver) can also be seen. A more 
keratinized type of tumor occuned in M e A a nd estradiol-
treated mice and ra ts. Most of the tumor masses are replaced 
by kera tin layers wi th few horn or epithelial pearls. These are 
advanced keratinized squamous cell carcinomas and keratotic 
basal cell carcinomas. A different type of tumor also occurred 
in Me A and calcitonin-treated mice. The tumor masses are 
fragm ented by sclerosis. A more adva nced sclerotic pattern is 
visible in MeA and calcitonin-treated rats. There are only 
scattered tumor cells which are separated by large areas of 
sclerosis with infil tra tive cells and blood vessels. These are 
sclerosing basal cell carcinomas. A moderate inhibition oftumor 
form a tion is observed in M e A-treated and gonadectomized 
mice a nd ra ts. A mal'ked inhibition of tumor development 
FIG 11. Squamous cell carcinoma (3-methylcholanthrene & P GF",,). 
Electron micrograph showing neoplastic ce lls with enla rged nuclei ( N), 
nuclea r inclus ions, 2-3 nucleoli ( N e), red blood ce lls (Re) and micro-
villous projections uranyl acetate and lead citrate, x 8,000). 
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FIG 12. Basal ce ll carcinoma (3-methy lcholanthre ne & PGF2,, ). Sev-
eral crystalloid forma tion (e) are visible within mi tochondria (M) near 
endoplasmic reticulum cisternae (ER) and Golgi complex (G). Dense 
granules (D) can a lso be seen (manyl acetate and lead citrate stain , x 
20,000). 
occurred in MeA and hydl"Ocortisone-treated mice. Only a mild 
epidermal hyperplasia with few proliferative cells which are 
mainly acanthotic and vacuolated are visible (Fig 8). A marked 
inhibition of cell growth was also observed in Me A and hyd.ro-
cortisone-treated rats. Here, only a slight epithelia l hyperplasia 
with large vacuolated cells are present. An advanced inhibition 
of tumor development can also be seen in hypophysectomized 
and MeA-treated mice and rats. A slight epidermal hyperplasia 
and vacuolated cells with pyknotic nuclei are only visible. No 
histologic changes occurred in the skin of mice and rats treated 
with solvent systems alone. 
Light Microscopic Autoradiography 
Light microscopic autoradiography revealed significant 
changes of CH]-thymidine incorporation in squamous cell a nd 
basal cell carcinomas. A marked increase of labeled cells can be 
seen in mice with squamous cell caJ'cinoma and concomitantly 
treated with PGF2,,, where the reaction is mostly located at the 
periphery of tumor masses; no labeled cells al'e visible in the 
horn or epithelial pearls (Fig 9). An interesting autoradi-
ographic pattern is observed in tumors of MeA and PGF2,, -
treated rats. It seems that there are 2 cellular compartments: 
one of dark cells, whose nuclei are heavily labeled and the 
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second compartment of light cells with pale cytoplasm in which 
only very few nuclei are labeled (Fig 10). Severa l heavy labeled 
cells occurred in t he squamous cell carcinomas of mice and 
solid basal cell car cinoma of MeA and thyroxine-treated rats. 
Only few labeled cells are seen in mice t reated with MeA and 
hydJ·ocortisone. Also a marked reduction of labeled cells can be 
seen in the MeA and cortisol- treated rats. Quantitative esti-
mation of a utoradiograms from carcinomas of mice a nd rats 
showed significant differences (P < 0.001) between experimen-
tal groups (Tab le 11). 
Ultrastructural Pathology 
Interesting changes of cell organelle distribution in the car-
cinomas of mice and rats can be seen following different hor-
monal treatments. Thus, in squamous cell carcinoma of mice 
the hypert rophic dark and light cells a re separated by widened 
intercellulru' spaces. Few desmosomes a nd several microvillous 
projections can be seen. In basal cell caJ'cinomas induced in rats 
the ultrastructural pattern is different; neoplastic cells exhibi t 
a large polysome population, productive ergastoplasm, and 
mitochondria. Nuclei are enla rged with nucl eoli and on ly few 
tonofllaments a re visible. A stimulation of cell growth and 
differentiation occurred in mice with squamous celJ carcinoma 
following PGFz" administration. Neoplastic cells with enlru'ged 
FIG 13. Squamous cell carcinoma (3-methylcholanthrene & thyrox-
ine). Neoplastic ce lls exhibit a large population of hype rtrophied mi-
tochondria (M) with myelin figures , glycogen particles (G), nuclei (N) 
a nd e nlarged intercellula r spaces (Is) (ura nyl aceta t.e and lead citrate 
stain, x 18,000). 
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nuclei and nuclear inclusions and 2-3 nucleo li , mito nchondria, 
increased number of polysomes, dense granules, and tonofila-
ments are frequently seen. Intercell ular spaces are enlarged and 
red blood ceUs can be seen (Fig 11) . Also a n increase of dark 
and light cells occurred in rats with basal cell carcinoma and 
t reated with PGF2". Neoplastic cells contain high electronic 
dense granules agglomerated near Golgi zone and enveloped by 
a membrane (lysosome- like structures), crystallo id formations, 
and few tonoftlaments. Crystalloid-formations originate from 
mitochondria and are located near rough endop lasmic reticu-
lum cisternae (Fig 12). A marked enhancement of cell growth 
occurred in squamous cell carcinoma fo Uowing thyrox ine ad-
ministration. T he dark and light ceUs contain large conglom-
erated cell ular structures (phagolysosomes) . Hypertrophied a nd 
ballooned mitochondria with cristae and lamellar concentric 
structul·es (or myelin figures) and an increased polysome and 
glycogen granule population are also observed (Fig 13). D is-
persed and poorly Ciifferentiated cells connected only by cyto-
plasmic extensions are also visible. An increased accumulation 
of a -glycogen granules and vacuolation occurred in t he neo-
plastic cells following thyroxine administration in rats. Several 
enlarged cells with hypertrop hied nuclei a nd glycoge n granules 
agglomerated in rosettes (a-glycogen particles) can frequently 
be seen (Fig 14). Sometimes, cytoplasm of neoplastic cells is 
occupied mainly by large vacuoles (lumina ) pushing the nucleus 
FIG· 14. Basal cell carcinoma (3- methylcho lan threne & t hyroxine). 
Marked ce llulal" stimulation, abundant glycogen syn thesis (G), hype r-
trophic nu clei (N) and vacuoles (V) can be seen . CeLis ru·e sepru·ated by 
narrow intercellular spaces ( I s) and ce l! extens ions (urany·1 acetate and 
lead citrate s tain, x 18,000). 
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FIG 15. Basal cell carcinoma (3-methylcholan threne & t hyroxine). 
Large vacuoles (V) or lumina occur in t he cytoplasm of neoplastic cells. 
T hese cells exhibit an extensive endoplasmic reticulum (Er) , hyper-
trophic nuclei (N) . Basement membrane (B) and enlru·ged in tercellular 
spaces (Is) are also vis ib le (uranyl acetate and lead citrate stain, X 
8,000). 
to the periphery (F ig 15). Advanced keratinization with large 
areas of keratin and kerato hyaline granules occurred foUowing 
estradiol adm inistration in mice a nd rats. At higher magnifica-
t ion, it is possible to see numerous intramitochondrial dense 
granules (proteins?) sometimes concen tra te near the nuclei (Fig 
16). They occurred in almost all specimens from t his group. A 
marked increase of tonofllaments OCCUlTed in neoplastic cells 
following calcitonin administration in mice and rats. Cells are 
shl"unken wit h small nuclei, scattered and small keratohyaline 
granules, and numerous bundles of clumped tonofil amen ts 
which occupy almost the entire cytoplasm can be seen (Fig 17). 
A marked inhibit ion of neoplastic cell growth occurred following 
hydTocortisone adminjstration in mice. Ep idermal cells ar e only 
slightly enlarged with shrunken and indentated nucl ei, poor in 
chroma tin . A marked inhibi t ion of neoplastic cells OCCUlTed also 
in M e A and hydJ·ocortisone-treated rats. E pidermal cells are 
slightly enJ arged, with bundles of tonofiJ aments and mi tochon-
dria. Basement membrane is intact. A s imilar neoplastic inhi-
bi tion is observed in hypophysectomized mice a nd rats t reated 
with M CA. N o ultrastructural changes were detected in the 
skin of mice and rats treated with solvent systems alone. 
Electron M icroscopic A utoradiography 
Electron microscope autoradiography revealed some inter-
esting findings regarding the site (s) of DNA syn thesis and its 
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FeG 16. Squamous ceU carcinoma (3-methylcholanthrene & estra-
diol). Neoplastic ceUs exhibit a large population of in tramitochondrial 
granules (D), tonoftlaments (T) and nuclei (N) (uranyl acetate and 
lead citrate stain, X 12,000). 
repartition in the neoplastic cells following hormone adminis-
tration. Thus, an increased CH]-thymidine incorporation seen 
as developed grains occurred over the nuclear chromatin of 
squamous cells of mice treated with MCA and thyroxine. D is-
tribution of CH]-thymidine over the nucleru' m embrane can be 
seen in the neoplastic nuclei of MCA and estrad iol- treated 
m ice. Here, the developed grains are mostly located over the 
peripheral chromatin and nuclear envelope (Fig 18). 
Scanning Electron Microscopy 
Scanning electron microscopy revealed salient features re-
garding the cytoarchitecture, orientation, and cell surface of 
neoplastic cells. Thus, neoplastic squamous cells of MCA and 
t hyroxine-treated mice appeared polymorphic. Some ar e tri-
angular or pear-shaped (pyriformis) exhibi ting small blebs and 
ruffles on their surface. Cells are separated by enlarged inter-
cellular spaces and connected by an extensive network of mi-
crovilli and collagen fibrils (Fig 19). SEM of basal ce l.l carcino-
mas of rats treated with MCA and thyroxine revealed more 
regulru' and oval ce l.ls with flat surfaces and only few blebs; 
some cells ar e cylindroid and elongated, orderly disposed with 
few blebs. They are separated by enlarged in tercellular spaces 
and cell extensions (Fig 20) . Estradiol administration in mice 
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and rats induced a significant increase in keratinization. Fre-
quently, a.ll keratin layers ru'e agglomerated in concentric sheets 
(onion sheet-like). 
DISCUSSION 
The present findings clearly demonstrate that hormones or 
hormone-like substances such as thyroxine, prostaglandins, es-
tradiol, hydrocortisone, calcitonin, or hormone deprivation (hy-
pophysectomy and gonadectomy), can mru'kedly change the 
onset and development of carcinomas induced by a long-term 
administration of a known chemical cru'cinogen (3-MCA) in 
mice and rats. T hus, thyroxine, PGF1", estradiol, calcitonin, and 
PGA2 significantly accelerated the onset and development of 
squamous cell carcinomas in mice and basal cell carcinomas in 
rats, whereas hydrocortisone, hypophysectomy, and gonadec-
tomy inhibit it. T he histologic features ru'e accompanied by 
significant changes in DNA syn thesis, ultrastructure, and cell 
surfaces of cancerous cells. Because hormones are widely used 
in the treatmen t of different types of cancers or leukemic 
states- alone or combined with cytostatic agents or radiation 
therapy-we would like to review the effects of hormones on 
neoplastic growth in target tissues (hormone-dependent can-
F IG 17. Squamous cell carcinoma (3-methylcholanthrene & calci-
tonin). Cytoplasm of neoplastic cells is almost. ent.irely replaced by a 
marked increase of tonofi/aments (T) , which appear as clumped bun-
dle ; polysomes (P), small keratohyaline granules (K) , nuclei (N) and 
nucleoli (Nc) are also seen (uranyl acetate and lead citrate stain, x 
8,000) 
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F IG 18. E lectron microscope auto radiogram of 3- methylcholan -
threne & estradiol-treated mouse showing a peripheral distribution, 
namely on the nuclear mem brane (Nm) of ["H]-thymidine as developed 
gra ins. No gra ins are visible over basement membrane (B) or in tercel-
lular spaces (Is). Ilford L " nucleru' emulsion, exposure 3 mo (uranyl 
acetate and lead cit rate stain, 15,000) . 
cers), on nontarget tissues including skin, possible 
mechanism (s) of action on epidermal neoplastic cells and ther-
apeutic implications. 
M ost previous investigations have been carried out to study 
the hormone effects on hormone-dependen t cancers (carcino-
mas of the breast, prostate, or endometrium ) [10]. Thus, pro-
gesterone administration caused an increased tumor incidence 
by shortening the latent period of experimental ' mammary 
cancer [ll). Other h orm ones e.g., prolactin Or insulin or thyroid 
hormone defi ciency also exer t an important role in the neoplas-
t ic growth of mammaxy glands [12-14]. AndJ'ogens can influence 
the development of mammary carcinoma [15], as well as pros-
tatic tumors [16]. 
T he influence of hormones. Or hormone-like substances on 
. non hormone dependent organs (liver, skin) has been described 
only by few authors. Liver tumors induced by ethylni trosourea 
·administration occurred more freq uently in male than in female 
mice [17]. M ale mice are also more susceptible t han fe males to 
skin t umors ini t iated by a small dose of D MBA and promoted 
by croton oil [18]. Hormone-like substances such as epidermal 
growth 'factor (EDG) and chalones can also influence the skin 
tumor development in mice. EGF was found to enha nce the 
induction of mouse skin tumors after M CA application whereas, 
epidermal chalones (G2) inhibi t it [19]. 
Are the hormones tumor promoters, cocarcinogens, or do 
they act dil'ectly on the cell s rendering them more. susceptible 
to carcinogens? At present, there is no evidence t hat hormones 
are prima ry carcinogens. H owever, there is ampl e evidence that 
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hormones notably influence the CO Ul'se of neoplastic process in 
the target t issues, probably by a prepaxative action of the cells 
for cill'cinogens, acting as tumor promoters [20]. The presen t 
investigations xevealed that squamous cell and basal cell cill'ci-
nomas induced by a chxonic administration of a chemical car-
cinogen (3-MCA) axe significantly responsive to hormones or 
hormone-like substances which can act as cocarcinogens xen-
dering the cells more susceptible to carcinogens and thus, 
shortening the latent period. HydJ'ocortisone, hypophysectomy, 
and gonadectomy exert the opposite effect. Light and electron 
microscopic autoradiography revealed marked changes in DNA 
synthesis and its reparti tion and consequently neoplastic trans -
formation is substantially influenced. H ence, th e present data 
suggest that hormones exer t theil' influence on neoplastic cells 
by inhibit ing DNA synt hesis, especially in the S -phase of the 
cell cycle. Ultrastructural studies revealed that the cellular 
pattern is shifted by hormones, toward a poorly differentiated 
type, well differentiated or only dysplastic one. Hormones also 
induced marked mitochondrial alterations as in thyroxine-
t reated mice or appearance of numerous crystalloid-formations 
in neoplastic cells of PGF2o-treated ra ts. Scanning electron 
microscopy showed that hormones induced significant ch anges 
on the neoplastic cell surfaces (blebs, ruffles). 
From the present investigations it appears t hat hormones 
notably change and thus can modulate the neoplastic transfor-
F IG 19. SEM revealing at higher magnification the blebs ( B ) and 
rumes (R ) on the squamous neoplastic cell surfaces (3-methylcholan-
th rene & thYl"Oxine) . Cells ar e connected by several microvilli (Mu) and 
cell extensions (CE) (cri t ical poin t CO" method, gold coated x 8,000). 
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FIG 20. Scanning electron microscopy of basal cell carcinoma (3-
methylcholanthrene & thyroxine). At higher magnification, polyhedral 
n eoplastic cells exhibit small blebs (B) and ridges on the sw·face. Some 
are spincUe-shaped and emit long extensions (GE). Enlarged in tercel-
lular Spaces (Is ) (crit ical point method, gold coated, x 8,000). 
mation acting as "modulators" of epidermal carcinogenesis. 
Although squamous cell carcinoma and basal cell carcinoma 
are not hormone-dependent tumors, they are responsive to 
hormone administration and this can be a useful experimen tal 
model for the study of carcinogenesis in genera! and its respon-
siveness to hormone therapy. It is also possible by changing the 
" hormonal milieu" to markedly influence the cellular evolution 
of epidermal cancers. Since these tumors are identical to those 
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occurring in man , these findings may suggest that hormones 
have importan t t herapeutic implications in humans. 
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